The asymmetric unit of the title hydrated molecular salt, C 6 H 16 N 2 2+ Á-2ClO 4 À Á2H 2 O, contains a half dication (completed by inversion symmetry), a perchlorate anion and a water molecule. The extended structure consists of infinite chains of formula [(ClO 4 )H 2 O] n nÀ ions extending along the b axis linked by O w -HÁ Á ÁO (w = water) hydrogen bonds. These chains are cross-linked by the dications via N-HÁ Á ÁO w and weak C-HÁ Á ÁO hydrogen bonds, thus forming a three-dimensional supramolecular network. Three-dimensional Hirshfeld surface analysis and two-dimensional fingerprint maps reveal that the structure is dominated by HÁ Á ÁO/OÁ Á ÁH and HÁ Á ÁH contacts.
Chemical context
Piperazine (C 4 H 10 N 2 ) and its derivatives are a family of strongly basic amines able to form dications, in which all of the N-H bonds are generally active in hydrogen-bond formation. They are used in pharmacology and found in biologically active compounds across a number of different therapeutic areas, displaying antibacterial, antifungal, antimalarial, antipsychotic, antidepressant and antitumor activity (Brockunier et al., 2004; Bogatcheva et al., 2006) .
In this work, as part of our studies in this area, we report the preparation and structural investigation of a new hydrated perchlorate salt, C 6 H 16 N 2 2+ Á2ClO 4 À Á2H 2 O (I).
Structural commentary
The asymmetric unit of (I) is composed of a half of a trans-2,5-dimethylpipeazine-1,4-dium dication, one perchlorate anion and one water molecule (Fig. 1) . The complete dication is generated by crystallographic inversion symmetry, leading to a typical chair conformation, with the methyl groups occupying equatorial positions [puckering parameters: Q = 0.7341 Å , = 90 and ' = À16 ], which is similar the conformation of the same species in its nitrate salt (Gatfaoui et al., 2014) . Other- ISSN 2056-9890 wise, the bond lengths and angle in the dication are normal (Rother et al., 1997; Gatfaoui et al., 2014; Essid et al., 2015) .
The perchlorate anion displays its expected tetrahedral geometry around the chlorine atom. Interatomic bond lengths and angles of the perchlorate anion lie respectively within the ranges [1.4327 (10)-1.4452 (11) Å ] and [109.01 (7)-110.28 (7) ]. Similar geometrical features have also been noticed in other crystal structures (Toumi Akriche et al., 2010; Berrah et al., 2012) .
Supramolecular features
In the extended structure, the anions are connected to the water molecules through O w -HÁ Á ÁO hydrogen bonds (Table 1) , generating a corrugated C 2 2 (5) chain running along the [010] direction (Fig. 2) . These chains are linked via the trans-2,5-dimethlpiperazine-1,4-diium cations through N-HÁ Á ÁO, N-HÁ Á ÁO w and weak C-HÁ Á ÁO hydrogen bonds, forming a three-dimensional supramolecular network (Fig. 3) . These data show that each organic cation is connected to six inorganic chains.
Hirshfeld surface analysis
The three-dimensional Hirshfeld surfaces and two-dimensional fingerprint plots of (I) were prepared using CrystalExplorer (Wolff et al., 2012) 
Synthesis and crystallization
The title compound was prepared from an alcoholic solution containing trans-2,5-dimethylpiparazine (0.1 g, 1 mmol, purity An ORTEP view of (I) with displacement ellipsoids drawn at the 30% probability level. Symmetry code: (i) Àx + 1 2 , Ày + 1 2 , Àz.
Figure 2
Hydrogen-bonded supramolecular chains involving anions and water molecules of compound (I), represented through the ab plane. Table 1 Hydrogen-bond geometry (Å , ). 
99%, Aldrich) dissolved in ethanol (20 ml) and perchloric acid HClO 4 (0.2 g, 2 mmol, purity 96%, Aldrich) with a molar ratio of 1:2. This mixture was stirred for 1 h. After a week of evaporation at room temperature, colorless single crystals of suitable dimensions for crystallographic study were formed, and were isolated by filtration and washed with a small amount of distilled water. The crystals can be stable for months under normal conditions of temperature and humidity.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All H atoms were located in a difference map but were placed geometrically and refined using a riding model, with C-H = 0.96 Å (methyl), or 0.98 Å (methine), N-H = 0.90 Å (NH 2 ) with U iso (H) = 1.2U eq (C or N). The H atoms of the water molecule were refined with a distance restraint of O-H = 0.85 (1) Å using DFIX and DANG commands (Sheldrick, 2015) with U iso (H) = 1.5U eq (O).
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